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Description 



THIS INVENTION relates to sensor electrode DE . 2127142 EP 7 8590 and US 4224125. The 

Sensor electrode systems are known , for kind generally known from US 

, present invention is concerned with sensor < construction of sensors 
4224125. Our European Patent Appl.cat.on 82305507 (EP A 7863b, ^ enzyme and a 

comprising a conductive electrode coated wrth ^^J^Le membrane. When such a coated 
mediator compound and usually further ™f^ha reta* exerts a catalytic effect, 
electrode is contacted with a «^. a ^A^JS ^ can be used to give a readout signal. 
I0 the mediator compound transfers charge to he species, even in the presence of 

specification . , mH „ have been utilised each specific to the presence of 

I5 Thus, numerous types of enzyme-coated Jf^STlS^ a* as a catalyst and each therefore 
a physiological or other substrate for wh.ch the palter enzyme a ^ ^ ^ ^ ^ 

potentially capable of acting ?<^JE"*"^ con « °' " 9 

give a readout correlated for .nstance wrth underlymg P"^ og dehydro g en ase as the enzyme, 

substrate level, .n particular, use of g u u d tas been shown to give readout signals 
20 associated with suitable elector— thus gjving a diaanost ic or 

interstital fluid, saliva or urine. nolwiologens, fluoranil and chloranil. 

,h,ou 9 h substitution of the "J <£> » ^^nSE^ f, ,l JrochLcall, .eversible one- 

'^he tenocene sttectu-e .a, ^■j-^j- ^',,1^0^ 

spectflTbin** agents" is concerned ^ "J ^ ™£ „^be embodied b» epedaUsed 

technical back-up services. „ homira i in dustrv especially where complex mixtures are 

. UM Tbe erodes can be us* in - 

fluid such as .hole blood o, subcutaneous °'^ le . prick dev ice). In each instance 

55 "^elonsate^ 

as the 'sensitive' electrode, in spaced non-contiguous relationship. 
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monitor a component ,n a .fluid «n« ^3,2 compound transtere electron between an 
enzyme catalyees e redox reaction of a substrata, ana '■^V' M , h M „ sor ^,,,,09 

encode and the MM «*. ^flSST^S^SjS^S J working eiectrode materia, 
system comprises a throw away stnf ITarea beino Tadiacent to but norroontiguous with an 

dimension, and extending as ., 

^^et^r^atr*n a .» memberto taciiitate manipu,*„ betore or dudng 

,„ <°*sr rr ^ts.^-r. — . <— - • ~ 

substrate ,9. a gtucose^ontaining ^'<^^ ^ ^ , Booid mixture 0. 

which the support member is contacted to contact both electrodes. 
30 Pref B7way of examp.e only, carbon foil can be glued to the strip; 1 . ,, ^^ lhw ^ l ^^^£ 

£tl-u^ 

silver chloride so as to give an Ag/AgCI reference electrode Drefera bly adhered to, 

Typically, the electrical connections can be w.res wh IC h extend down, and are preferably 

^Cc^SSeTeTs^is type 0, sense, . composes ,a, a flat flrs, eiect-ode area 0, 
ss P«sonne,,orbyexpenen«d,aysub^ 



be used. 
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Diab etic subjects need to ^^^^^^^^^ 
out by the subject persona V -s chemica,. adjacent to a "^^^ ■"■«■ 

surface area ^^^^t coloU r va.ues as an ^^^^^ * t 

assess, especially if the^ X comparison equipment ^^^loJ^ a 
this problem expense «at. ^ blood test h , e -J^y otjrnettie 

subjects for interpretmg the est res ^ surface Tnird y , lt require u ^ 

electrode strip capable of us ^" g ^ d jn more detail belovv. d are uti , iS ed in 

detachable. Such c,rcm«y and read M equipment « suctect »•»' ^. tlauma a c ,o Ota 

- . „ « - - - • — ' - te 

Thus, for use with sensor b» Droducin g a readout value as a d.agnosi... conductive 
3E circuit., and display * housin0 having <a> a, , £ ^ elertrical 

ana to to combination as a W of "a™™ genetics are 

suitable^ WW" »f . . , imlta6on w size and shape. '" 'ancMnal <*™; ^ ,i„ g „s. 

-r^r^b^^^ 

The readout means will typically db a 
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end of th. ^ as in con— p— -J ™ ^^"^^ — ™ 

to ' - * - "°" S, " P """ ^ 
a bove - . i CA with the sensor electrode systems of the present invention is so- 

jsss «-?5£Ssl- rrjs. - — - - - 

in this aspect. the *» * » J™ ^"17^1 to the invention, be envisage.) lor an, 

considered. H will be apprecated that "™ ^ m application: in other «ords. the, 
SfS^S ^ methods .or glucose sensing. These features are. 



I Constructional Features 
(a) Membrane cover for electrode 



A^ht^eeleceddea™^ 

srr a ™ri!sr setm - — — * * 

^.""be used as. „ in ££25. A (— — — * 

The membranes can be polymerised m situ (e» cellotee ace^ ^ V . NUC L6OP0RE- or 

formed b, polycarbonate, especially ^.^^^^^bate; polycarbonate membranes do 
^■r^TJZZXSZfS*- m— „om ma, 
Mernatively a polyurethane membrane may be employed, 



<b) Type of carbon 



c ^ w . K ship, o, sss -TsJ:: 

Marks "GRAPHOIL" and "PAPYEX- are m ch P^mdto 4% cnari9a ,„ sl g„ a l between 



of small-scale devices 
II O perational features 
(a) Operational potential 



(b) Concentration range 

i:«no> i m tn ahniit 40 mM. 



ar up to about 40 mM 
(c) Response times 



( c) Response times 

sluc0 se oxRtase sens* without membrane is Kneocalt, limited 9 iving rapid response ernes ,.e. 
about 20 seconds to 95% of the steadystate current response. 
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(d) Oxygen-sensitivity 
5 (e ) Use ofthir£eJecttode 

7^r-.=r--"=r 



io (f) pH and temperature ^ ^ 

*— -»». no ^r»™"L^C^ = 

Inl SMr aoe of Electrodes 

- « Eaended stow, over months yean, ma, bo achieved by .re«e- 

Electrodes may be stored mast. Extended "ago. 

" ^n* ^aspects - be conned o. ft. ***** <» *— « «" «""*" " 

-rr^- — - - — • -r:~-^s miS""* 

employing the following enzymes 
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Enzyme 
Flavo-proteins 

pyruvate Oxidase 
L-Amino Acid Oxidase 
Aldehyde Oxidase 
Xanthine Oxidase 
Glucose Oxidase 
Glycollate Oxidase 
Sarcosine Oxidase 
Lactate Oxidase 
Glutathione Reductase 
Lipoamide Dehydrogenase 

pq q Enzymes 

Glucose Dehydrogenase 
Methanol Dehydrogenase 

Methylamine Dehydrogenase 



substrate 

pyruvate 

L-Amino Acids 

Aldehydes 

Xanthines 

Glucose 

Glycollate 

Sarcosine 

Lactate 

NAD(P)H 

NADH 

Glucose 
Methanol and 
other Alkanols 
Methylamine 
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H^em^ontainin^^ 

Lactate Dehydrogenase 
(Yeast Cytochrome b 2 ) 
Horse-radish-Peroxidase 
Yeast Cytochrome c Peroxidase 



Hydrogen Peroxide 
Hydrogen Peroxide 



Carbonmonoxide OxidoreduCtase 

^2102121^. Galactose 
Galactose Oxidase 

~~£=HS£p= 

„ Figure 7 news a «***». - « **^J^ of a pan* portabU, hoWe, o. panicu 



particular utility 
read-out 



equipment of the present invention embodiment of F,gure 9; 

10 shows a more elaborated J**^ embodiment of electrical circuitry, and 
Figure 11 shows a schematic diagram of an , d temattv en embodirnen t of circu.try. 

P^re 12 shows the amount and proportions are g.ven 

in the following descr.pt.on of F.gures 

, way of example only. 1 mm diame ter holes 2 and 3 therein A 9x9 mm 

rpsnectivelv for electrical connection with the respeo Qver ^ |east part of the oacK 



The strip i» made up in the MMng sequence. 



The strip is mow u K 

Mace, , t d at +400 mV vs SCE in 5M chloride for 10-15 seconds to deposit a thin 

(d) hold the silver electrode at + 400 mV 



1/2 hours and 
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and 5 are covered. The shape of the stnp printe d-circu it -board 
glucose concentration. e Qf for exarnple a ceramic ™* n ^, with the enzyme- 

Figure 3 shows a stnp f<*™ e connector lea d 19, the square bemg cover 
,aminate. it includes ^ rther inc.udes a small "»^ 6 ^Tf£^ 8a and 8b 

containing layers as described above i? ^ jnt0 a socket as shown in a ,e 

connector lead "-^^^Ji as with the needle 10 ^ *^SoZli o.orimetric test 
and described below .us to be note ^ ^ of each ^o ^u ^ ^ 

20 Figure 4 shows a longer stnp, ay ( a 

2S dotted lines. In each case conducive ^ 

into a standard gauge needle, g.v.ng For example graphite 

45 microeTectrodes. conductive lea d-out strips ^J^^SSSL « 

or held, side-by-s.de, the.r general g 

near the electrode surfaces. 
55 , nrri^dimethylferroceneintojhejlec^ 
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These experiments showed .hat «.«* ^"^^^ tha, moreover the electrode surface 
sthp which could easily be cot* - M ^ ^ „ ir8Ctly ,„ t0 „ coating mocture. 

- r»^r.r :rr;: d p:id so « - — can » . 

necessary. 8b dally wnen used in conjunction with the electrodes 

The embodiments shown in F.gu »• ™ y such rtable equipment, 

of Figures 3 - 5 fulfill the design ™* n **™^*™Z ! by thumb and finger) means that the sma 

" 0,0^0^^ 

s ™t ofrtrSes i — — - - 

an, cm small device. Thos the e*pens ve part of he aw ^ ^ |unctio( , ^ a 

. disp.., is numerical, dead, «m *d . — » - * «*— * " 

illuminating light source. b ff 102> and the inverting input 103 of the 

in Figure 9. a sensor 101 is connected MM ^JJpfcr. An electronic reference 105 connected 
operational amplifier 104 which is conf.gured « a .amrit ampme ^ ^ ^ removes 

to the non-inverting input 106 of the operat, onri ampl.fi er * fecHnto P Qf interferenc e) while 

^^:rsr,to^ 

o, being selected lo- a particular "*f^*^^bo». the senso, compdses a medlator-carrying 
„ lo each of the embodiments ol electrode , urtto Modes a sjver/srlver 

" sodace which ha. ooe or more ^F"^^^ of taoo mV volts is pre.e,en«y 

the liquid crystal display 109. , 101A rernains substantially constant 

60 -=^»5S.-^t -03 , - — - - - 

anal^t SS" " * «— * ^ ™ 

55 d"v.M. drives a liquid crystal display 112 are jven {of a 555 chip ) via 

„rerr:mrs^Mc"^ 

wtpL 11 ol ir» divide, 19. eoab.es , powe,op reset. 
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shown in Figure 11 employs a food refere 

Figure 10. functions as a voltage-reference d.ode and previa 

,„ this embodiment , the d.o ^ . ge ^ 

The embodiment shown in F.gure u oIeimpn ts 501- 

Advantages of this method are ^ ^ 

,0 glu cose oxidase) and the med.ator (eg be linked to a ligand materia, so 

formulate. med iator/hapten comugate. ..e. be mwb n ^ 
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adherently in place. 
Claims 



cata.ytica.ly active oxidoreductase enzyme. *w**rf^ Qf workjng etectrode rnatena 

prises a throw away strip test ^^^^SL area being adjacent to but non-cont,guous 
, comprising the enzyme and he areas being of small dimension and 

with an area of £2 Ser formed as an e.ongate member to fa curtate 

5 , A ,„, r e,*c*ode system according 

5 surface thereof the area of the working ^J^J of the enzyme and the me^ 
comprising at least at an outer s f^J^ \ tne area o{ the reference electrode; and separate 
compound; on the surface of the elongate means den oting presence, amount 

^^ftf^ZZEZ components in a liguid medium w,th wh.ch the 

, As ensore,ctrodesystemaccordingtoc,m^ 

area small enough to be completely coverable by *e smear ^otb P ^ ^ 

25 dmp oTblood generated from a "--^3^^^?^ tetrode area that the said 
on the save surface separate from but suffic en tty dose to n communica tion and (c) 

° b ^d sm,ar also ^^^^ of the elongate support member 

rr ni c^ 

30 of the member. . 

ss , ZL.—.*— — — — 

material is less than 25 mm 2 . 

* . a „v nrecedina claim, in which the reference electrode is 
6 . A sensor electrode system according 
silver/silver choride. 

towards the said end. 

cross-section, 
enzyme. 



Revendicatlons 
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a „ onra destine a une utilisation dans la detection, la 
Un systeme d'electrodes pour ^ZS^ en contr6,ant *** * """J 

Lie ou to contr6le d'un composant dans un melange M.qu ^ qu . un compose 

torsqu'une enzyme oxydoreductase catalyse "^ ^"^ e oxyd0 reductase catalyt-quement 
Sateur transfere des electrons entre ^S- comprend un porteur d'electro- 

active, caracterise en ce que le systeme d e ecttodespo 6lectrode de 

de sous forme d'une languette test ft jr^STTzTirt mais non contigue a une 

Z%> de ,luide co,p< ' 

,.,me allonge, sur la * une de sea surfaces .*emes Jassomaon 

a - u „e substance t™°*^™J™Z te suS * * Z °" 9 """fa ™ 

rf, renzyme « du compose meduaeur, sur la surfaw rf. u „ ta ccordement a on 

Serene, et uoo connexion electnque sepam |> £"£J£ |a J^j ou ,. taux cdnt,6le dud* 
disposla, d, sorfle dee £ST.ec' leque, MM supccrf es« m,s en 

, un sysllm, diodes poo, * "££ 

1 "rSode plane d, zone connue sulfamn- pe«e PO- ^ tf d . a - ,„ , 

pa, to for,, de sang prodoite pa- on. »^££^£ZJ„ la mime aorface mais rfperfe 

L e«remile oorpo-elle e» (W ™^2S«h«d. *»*«*> * «■* * ue '** **! m*S 
del««enetantsufflsamn«ntpro<me^onodera« lc>lion 6tect ,, q ue .1 (c des 

atteint egalement I'electrode de reference poor M> » lament support allonge. 

fferrrenUconducteurs «^ "^^J^IS-. — " *■»*■ * 

section transversale rectangulaire. 
. Un S ys»med,,ec,red.spou^^ 

, „„ s SS ,me ^^sOT^rKT^a 

„ un sysreme diodes poo, d.eCe.s ^ « o,e, W des revendicalions procures, 
, danslequell'enaymees, une enzyme deolucose. 

„ uo ays^me diodes pcu, de,ec,eu,s suluan, rune due*.™,, dee —Ions pr*ed.n,es, 
' dans lequel le mediateur est un ferrocene. 
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Patentanspriiche 

STtfS- «»*»• U ^Tka*sirS »bei eine VeneitU^e-bindeng 

Spates, die du,ch .in Oxidaedu«a*>-En ^™J™^™„' oxidoreduklase-enzym iibertragt, 

dad U rch 04kennzeid.net. dal das «^ ™" ™ ^L^matenal WW. welcne das Enzym end d,e 
dentraae, auw-eist, de, eine Flache aus «2*™2SSi*« Flache aus Rateanz-Elektroden. 
Vermive-bindung umWt «cbe, ^^J*!,, Ei.k.ed.nilachen kiein dim— d 

aufgebracht ist, zur Kontaktierung der be.den Elektroaen 

3. Sensor-Elektrodensystem nach Anspruch 2, mit dj Wein genug ist , urn vollstandig 

S9 (a) einem Aachen ersten 6 TZZlT^ ausgedruckten B.uttropfen stammt. 

Selneraufden^Obe^^ auch die Refer9 nz- 

Signal-Auslesemittel, die an einem Ende des y 

h Ansoruch 1 2 Oder 3. dadurch gekennzeichnet. daB die Flache aus 
4 Sensor-Elektrodensystem nach Anspruch 1, 2 
Arbeits-Elektrodenmaterial quadratisch .st 

■ Ansoruche 1 bis 4, dadurch gekennzeichnet, daB d.e Flache 

R eferenz-ElektrodeausSilber/S.lberchlond.st. ^ 

schnittes aufgebracht sind. d A b ts 

a Sensoi-eekd-odeneysie. ~^£~S£5S?ttXZZ* S - - 

Enzym ein Glukoseenzym ist. 
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11. Sensor-Elektrodensystem nach ei 
Vermittlersubstanz ein Ferrocen is 
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3m d er vorstehenden Anspruche, dadurch gekennzeichnet, daB 
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